In the residential sector there is growing interest in the concept of carbon neutral and net zero energy housing within the context of emerging climate change mitigation and energy security strategies. A hybrid building represents a new class of dwelling capable of achieving net zero energy, carbon neutral or zero carbon status. It is defined here as a residential building which has the capacity to supply, in total, the annual operating energy requirements of its occupants by providing locally generated energy to the grid at times of generating energy surplus to its occupants' immediate demands and receiving energy back from the grid when the dwelling is unable to generate sufficient energy for autonomous operation. Operating energy includes energy for heating, cooling, lighting and domestic appliances (built-in and plug-in). Local energy is supplied by a number of distributed generation technologies, both low emission and zero emission. Innovation in building and energy systems is represented across a three-horizon spectrum ranging from incremental to transformational.
Introduction
Mitigating climate change that involves temperature increases of more than two degrees Celsius requires more than halving greenhouse gas emissions by the middle of this century -a significant challenge to governments, industry and the community, given the forecast growth in energy demand over that period.
All sectors of the economy and society must contribute to this challenge, including the housing sector, given that it is responsible for approximately 10% of Australia's total greenhouse gas emissions.
De-carbonising the housing sector needs to become a key goal within a national Carbon Pollution Reduction Scheme, and hybrid buildings provide a technical pathway towards achieving that objective.
Hybrid buildings are defined here as residential buildings which have the capacity to supply, in total, the annual operating energy requirements of their occupants by providing locally generated (low or zero emission) energy to the grid at times of generating energy which is surplus to its occupants' immediate demands and receiving energy back from the grid if the dwelling is unable to generate sufficient energy for autonomous operation. Operating energy includes energy for heating, cooling, lighting and domestic appliances (built-in and plug-in). Local energy is supplied by a number of distributed generation technologies, both low emission and zero emission. Local energy generation technologies examined include those that can operate autonomously for a single residential property (e.g. photovoltaics) or can supply energy to individual dwellings from a generation unit that has the capacity to serve a precinct.
The residential sector has been identified as the most prospective for significant reductions in energy use (McKinsey & Company, 2008) and clearly there are multiple routes to effect this reduction. Energy efficiency and technology substitution for energy generation are principal among these. The Energy Efficiency and Greenhouse Working Group (2003) in Australia estimated that energy consumption improvements of 15% to 35% could be achieved under the conservative assumptions that only existing technology was used and that the change would pay for itself within four years. Using more optimistic assumptions of new technology application and longer payback periods, energy reductions exceeding 70% were shown to be viable. Energy efficiency of itself, however, will not deliver a carbon neutral or zero carbon future for the housing sector.
There is uncertainty about the role that building and household-oriented energy efficiency initiatives and new low emission and renewables-based distributed energy generation industries can play in achieving Australia's greenhouse emissions targets within the Carbon Pollution Reduction Scheme (CPRS), which currently excludes a role for the housing sector. The CPRS potentially places Australia at odds with other countries such as the United Kingdom (Department of Communities and Local Government, 2006) which are actively pursuing policies and programs to deliver carbon neutral built environments and it suggests that the voluntary greenhouse gas savings from housing "will simply subsidise big industrial polluters" (Millar, 2009, p 1) . This leaves a gap that needs to be closed in a transition to carbon neutral and zero carbon housing.
The study described in this paper explores the extent to which hybrid buildings can contribute to a de-carbonising of the built environment, as measured by the following key potential outcomes:
• Net zero energy building: supplies as much energy to the grid over the course of a year as it uses, without any reference to carbon emissions. This class of building does not preclude use of low emission local energy generation technologies (also termed grid neutral building (Department of General Services, 2008);
• Carbon neutral building: generates sufficient surplus CO 2 -e free energy over the course of a year that balances any purchase of grid energy (primarily fossil-fuelbased). This recognises that a single dwelling/household may be unable or unwilling to generate sufficient CO 2 -e free energy to be classed as zero carbon;
• Zero carbon building: uses carbon free energy over the entire year, sufficient in quantity to supply all household energy needs (both dwelling operations and appliances to match any lifestyle).
Connection to grid in all three cases is primarily in order to supply energy that is surplus to household needs, and for periods of demand when local energy systems may be inoperable (due to diurnal or wind impacts or mechanical breakdown of the distributed generation system. Connection to grid also provides the opportunity for local energy generation to aid in reducing the growing problem of mid-afternoon summer peak demand for air-conditioning.
To date, the most significant advance towards a reduction of energy use in Australian housing has been the introduction, in 2003, of the National Home Energy Rating Scheme(NatHERS). It specifies for each of Australia's climate zones the band of performance in operating energy for space heating and cooling required to achieve a specified star rating (see Figure 1 ). The minimum star rating assigned in 2003 was 5-stars. On 1 May 2009 the Council of Australian Governments agreed to move to a 6-star rating beginning 1 May 2011, notwithstanding findings established and accepted for some time (Horne et al, 2005 ) that Australia's 5-star standard was of the order of 2 to 2.5 stars below comparable average international levels of performance of the residential building shell.
<Insert Figure 1 about here> The focus for this paper is on energy and carbon-based analyses of alternative configurations of a hybrid building, where variations in performance are explored across different types of residential structure (detached, medium density, high-rise) and floor area, different energy ratings of the shell, number and mix of domestic appliances in use, and type of distributed generation technology employed. The most prospective intervention points for delivering carbon neutral and zero carbon residential development are identified.
Method
Significant innovation is required for a sustainability transformation of the residential sector of our cities. Here we need to be able to draw from a pipeline of innovative (or historically proven but overlooked) technologies, products and processes relating to key infrastructures -water, energy, transport, communications and buildings -that can be substituted as existing applications show signs of failure. Newton (2007) ; see also Newton & Bai, 2008) , has proposed a three-horizon system of innovation capable of application to technology, design, urban development and behaviour change. Figure 2 illustrates the concept in relation to the evolution of effective technical solutions.
Horizon 1 solutions are those where the technology is commercially available and has a demonstrated level of performance in cost and environmental terms that is superior to products currently in the marketplace and where there should be immediate substitution. The compact fluorescent tube and energy rated appliances are classic examples. In some cases this represents improved product efficiency or product evolution Horizon 2 solutions involve more innovation and have examples in operation but not widespread, such as 7 star energy rated housing and water sensitive urban design. They are associated with better-performing processes or products which have an opportunity to be applied more broadly or in new combinations, but where there may be need for some examination of how they would perform in new locations or with modified functional settings.
Horizon 3 solutions may be innovations which for the most part currenty reside in research laboratories as prototypes, but whose sustainability impact can be truly transformational. The challenge is to get a real-world application so their performance can be assessed, and if field performance matches the promise of the laboratory, then they become Horizon 2 innovations and should be adapted more widely. The solar hydrogen fuel cell is a good example of a Horizon 3 innovation.
Hybrid building represents an opportunity for integrating innovations from across all three horizons, from the incremental Horizon 1 to the more transformative Horizons 2 and 3. The first steps towards Horizon 2 and 3 futures need to be put in place now, or else there is the prospect of getting 'caught short' and having to pursue suboptimal solutions because of the lack of time available. The window of opportunity for making a successful sustainability transition in the 21st century in relation to energy is beginning to close rapidly. Examples of energy innovation across the three horizons include:
• Horizon 1: compact fluorescent lighting, 5 star energy rated buildings, gasboosted solar hot water heating;
• Horizon 2: LED lighting, 7 star rated buildings, photovoltaic local electricity generation; and 
Energy and Carbon Calculator
All the calculations in this paper were done using an Excel spreadsheet, specially set up to facilitate scenario selection. Each of the categories of dwellings, heating and cooling, hot water, cooking, plug-in appliances and common area services were set up in separate blocks to enable index selection from a series of drop-down options on the scenario worksheet. Results are displayed in tables and charts equivalent to those displayed in Table 1 and Figure 9 .
Dependencies such as heating and cooling for different dwelling types and sizes were linked to automatically adjust demand, and similar links provided adjustment to demands for energy and resulting CO 2 -e emissions when technologies such as ground source heat pumps and gas CCHP provided energy for multiple uses such as heating and hot water as well as electricity generation.
Metrics
A variety of metrics for measuring consumption of energy and greenhouse gas emission is available but the principal ones used are energy (electricity) in MJ/yr (for comparison purposes rather than kWh/yr), energy (gas) in MJ/yr, electricity generation emissions in kg CO 2 -e/yr and gas emissions in kg CO 2 -e/yr. Total emissions for dwellings are in tonnes CO 2 -e/yr. All energy consumed is as metered at the dwelling, whether electricity or gas. This is termed 'delivered energy'. The conversion factors for energy used to greenhouse gases emitted are those provided by the state government for usage of delivered electricity and gas in the State of Victoria (Sustainable Energy Authority Victoria, 2002, p 6). Thus, for average Victorian electricity, which is predominantly generated from brown coal, 1 MJ of delivered energy consumed for heating and cooling produces 0.4 kg CO 2 -e, and for Victorian gas, 1 MJ of delivered energy consumed for a similar end use produces 0.052 kg CO 2 -e. For green power, there are zero emissions. All eco-efficiency modelling assumes a carbon price of AUD$30/tonne which is at the middle level of Garnaut estimates and European ETS prices.
The energy prices used in this study are the 2009 retail prices of a Melbourne energy supplier as regulated by the Victorian state government and published from time to time in the Victoria Government Gazette. Rebates and subsidies, including renewable energy certificates, are not included in this study because they are changeable and relatively short-lived. While feed-in tariffs can affect whether to invest in local energy generation, the current flux in this area of policy has meant that feed-in tariffs have been ignored in this study.
In this study, cost is the sum of the annual equivalent cost (AEC) of the purchase and installation costs plus the annual operating costs including energy and maintenance costs.
Dwelling Types and Energy Ratings
The alternative forms of dwellings investigated are detached single storey, detached two storey, medium density walk-up flat (i.e. middle floor apartment, no lift), and highrise apartment (i.e. with lift). The alternative performance (heating and cooling) levels of each were 2.5 star performance, representing existing housing stock, 5 star performance, representing current standard, and 7 star performance, indicative of likely future standard. The available sizes and types of dwellings for which heating and cooling assessments could be made (Tony Isaacs Consulting, 2007) were typical of their type currently entering the property market, i.e. 230, 302, 109 and 110 m 2 respectively of gross floor area. The net conditioned floor area (NCFA), which is the basis for calculating the energy required for heating and cooling, can be considerably less (e.g. 173 (25% less) and 237 (22% less) m 2 ) for the detached single and two storey houses respectively. The gross floor area and NCFA for medium density and high-rise apartments are the same, primarily due to an absence of unconditioned garage space in the dwelling envelope .The unconditioned floor areas include space such as that for garages and verandas. All energy metrics per unit area are per square metre of NCFA.
The approach used for estimating heating and cooling loads for each of the three star ratings for each of the four dwelling types were those used in rating operating energy performance of residential building (CSIRO's AccuRate residential energy rating tool; www.nathers.gov.au/about/index.html) which models for all day occupancy. Energy used for heating and cooling was provided by the following range of equipment and energy sources: gas ducted heating, electric heating, electric reverse cycle heating, electric cooling, electric evaporative ducted cooling and electric reverse cycle cooling. The efficiencies were obtained from the Department of the Environment, Water, Heritage and the Arts (2008) report on energy use in the Australian residential sector. All heating and cooling demand and solar energy generation was based on the climate characteristics of Melbourne ( i.e. Australia climate zone 6 ,mild temperate, at 38 0 S).
Domestic Appliances
The appliances used in this study are those typically found in dwellings and are designed for domestic use:
• Hot water -gas storage, gas instant, electric storage and solar thermal;
• Built-in appliances -gas cooktop, electric cooktop, electric oven, gas oven, microwave oven, incandescent lighting, halogen lighting, compact fluorescent lighting, LED lighting and common area energy (Class 2 buildings);
• Plug-in appliances -refrigerator, freezer, dishwasher, washing machine, clothes dryer, television, computer, home entertainment systems, set top box, games, electric kettle, small miscellaneous and other standby equipment.
For analytical purposes, appliances are characterised in two key respects: operating energy performance, where there is a distinction made between 'average' performance (Department of the Environment, Water, Heritage and the Arts, 2008) and 'best of breed', and range of appliances, differentiating between a 'basic' and an 'affluenza' set, where an affluenza set of appliances highlights the accumulation of appliances and high usage by an increasing proportion of Australian households, e.g. multiple flat screen televisions, home entertainment systems, refrigerators and lighting, pools and spas (Hamilton and Denniss, 2005) .
For built-in appliances, a number of alternative scenarios are derived: cooking, where a number of different combinations of appliances are represented (e.g. all gas, all electric, mixture, microwave only) and lighting, where different technologies are featured (e.g. all incandescent, all halogen, all LEDs, or common mix as defined by Department of the Environment, Water, Heritage and the Arts (2008)).
Local Energy Generation
Local (or distributed) energy generation encompasses a suite of zero and low emission technologies which aim to reduce reliance on a centralised energy supply, reduce emissions and improve energy use efficiency. It involves relatively small capacity (<30 MW) units typically sited close to the point of consumption (Jones, 2008) .
In the present study, both zero emission and low emission local energy technologies are examined. The zero emission technologies considered are solar photovoltaic, wind turbine, ground source heat pump (heating and cooling) and solar hydrogen fuel cell. The low emission technologies considered are gas fuel cell and gas reciprocating engine CCHP (heating and cooling). The hot water technologies considered are solar gas boosted and solar electric boosted. Figure 3 shows the annual CO 2 -e generated, saved and produced by the local energy generation technologies. The plant sizes have been set by what is typical of the installations for residential applications, with the result that the capacity of the low emission technologies is much higher as they are designed to supply from an external precinct energy supplier close to 100% of locally generated electricity demanded by a typical household.
<Insert Figure 3 about here> Low emission local energy generation consumes significant amounts of energy to deliver electricity and heating (including hot water heating) with the advantage of their ability to deliver electricity direct from gas and heating and cooling in a distributed system (i.e. close to the end consumer). Solar hot water systems also constitute a class of local generation technologies capable of delivering significant savings in emissions. The zero emission technologies could be configured to supply much more energy per dwelling but such decisions constitute individual household choices influenced by plant size, available space (area and position/access/orientation), costs and rebates.
Payback periods (without consideration of rebates or subsidies) for the various local energy technologies at January 2009 prices are long (20+ years) with only the high capacity precinct installations and solar hot water systems having a payback period of about ten years or less. The introduction of a carbon price and a reduction in the future capital costs of local energy technologies (including possible subsidies), which could accompany an increase in local demand and supply, would further reduce a payback calculation, but have not been factored into these analyses.
Results and Discussion

Dwelling Type
Four dwelling types representative of those being currently built were selected for analysis. All performed at an annual operating energy level equivalent to a 5 star energy rating (equates to new project home offerings which meet the current operating energy standard for housing), while featuring different floor spaces reflective of what is typically offered to the market and with a mix of building materials.
Operating energy performance of the building shell (heating and cooling) plus appliances was modelled for all four types under grid supplied energy scenarios to compare energy demands. Heating and cooling systems plus appliances are common across detached and medium density dwellings but vary for high-rise apartments, given that, for a majority of such high-rise developments, electricity represents the dominant energy source for space heating and cooling and cooking.
The total CO 2 -e emissions are shown in Figure 4 , with medium density housing having the lowest emissions and the emissions of the high-rise exceeding those of the single storey house and still within 10% of those of the two storey detached house, due to the additional energy demand of the common area services ( lift, pool, carpark, entry and corridor lighting) and the energy for appliances being primarily sourced from electricity.
<Insert Figure 4 about here> With the CO 2 -e emissions resulting from the variable energy demands being similar, further analysis on options for local generation for various scenarios of shell efficiency and appliances were restricted to options involving single storey detached houses, which continue to be the dominant class of housing built in Australia. For domestic hot water heating capable of delivering total household demand for a detached single storey family house, annual energy consumption ranges from 20973 MJ/yr for gas storage to 6581 MJ/yr for solar thermal electric boost. The picture changes completely with respect to CO 2 -e emissions from hot water heating appliances, where the range extends from 5599 kg/yr for electric storage to 441 kg/yr for solar thermal gas boost, a reduction of 92% as clearly shown in Figure 5 . A shift from coal-based electricity to gas represents an intermediate energy transition en route to renewables. The solar thermal calculations assume that the boost energy is the same as the grid energy which the solar thermal replaces, e.g. the solar thermal component with electric boost reduces the emissions of an electric storage system. <Insert Figure 5 about here>
Comparison of a basic set of household plug-in appliances that have 'average' energy performance versus 'best of breed' performance reveals an average annual energy consumption of 9749 MJ/yr as opposed to 6998 MJ/yr, a difference of 28%. In greenhouse gas terms, as shown in Figure 6 , the difference is 3910 kg CO 2 -e versus 2807 kg CO 2 -e, also a difference of 28% (due to the fact that all appliances are electric). The impact of lifestyle (the affluenza scenarios) on greenhouse emissions is evident, with an 56% increase in CO 2 -e for the best-of-breed/affluenza appliance scenario compared to best-of-breed/basic option.
<Insert Figure 6 about here> For cooking, the greenhouse gas implications of different kitchen set-ups range from: 914 kg/yr (all electric), through 327 kg/yr (gas appliances plus microwave) to 259 kg/yr (all microwave), representing a capacity for CO 2 -e reductions of the order of 72% (Figure 7 ). All electricity is assumed to be supplied by the grid.
<Insert Figure 7 about here> For lighting, the greenhouse gas implications of different set-ups range from 15.8 kg/yr for all halogen to 1.7 kg/yr for all compact fluorescents (compact fluorescents may have been under-specified (Department of the Environment, Water, Heritage and the Arts 2008, p 249)), but the indicative potential for CO 2 -e reductions is of the order of 89% (Figure 8 ).
<Insert Figure 8 about here> The standby energy for the sets of appliances used in this study varies from 14% of total energy consumption for a 'best of breed' set of appliances to 17% for a set of appliances with average performance.
Local Energy (Distributed) Generation
The annual average energy demand per dwelling in Melbourne (for space heating and cooling, hot water heating plus domestic appliances) is 75 GJ. Local energy generation technology options will provide outcomes generally well short of total energy demand. However, with a reduction in energy demand and a combination of local generation technologies, it is possible to get to net zero energy, carbon neutral and zero carbon solutions. Given the significant number of dwellings across Australia that will be required to reduce their carbon footprint, and with the current glacial rate of change to the proportion of green energy in the national grid (currently less than 5%), this study sheds some light on the path that individual property owners and developers might take towards a low or zero carbon future for their housing. At present, however, most Australian governments, industries and communities lack the information to make informed decisions.
Hybrid Buildings
An extensive range of traditional and hybrid building scenarios have been subject to modelling, whereby various combinations of building shell efficiency, appliance efficiency and local energy generation options have been jointly explored by the energy and carbon calculator. These are extensively discussed in the full report by Newton and Tucker (2009) .
A positive finding overall is that significant greenhouse gas reductions can be achieved via all distributed generation technologies examined. Large gas users such as CCHP, however, will find it difficult to deliver carbon neutral and impossible to deliver zero carbon outcomes.
The five scenarios presented here (summarised in Table 1 and Figure 9 ), represent a wide spectrum of housing outcomes. At one extreme we have the most profligate scenario (from an energy and carbon perspective) whereby the dwelling has a poorly performing building shell constructed before the introduction of any building energy regulation, and which is reflected in significant demands on energy for space heating and cooling, a set of domestic appliances which have 'average' energy efficiency and are reflective of an 'affluenza' lifestyle, total reliance on the grid for all its energyand a carbon footprint approaching 50 tonnes CO 2 -e per year. At the other end we have the zero carbon house, a net contributor of carbon-free renewable energy to the national grid over and above what is required to deliver annual energy requirements to the occupants of that dwelling.
<Insert Table 1 about here> <Insert Figure 9 about here> Net zero energy, carbon neutral and zero carbon outcomes have been demonstrated as possible via carefully tailored combinations of local energy generation (providing electricity from renewable sources) to suit low energy demand shell and appliances. This transition is difficult if not impossible with 2.5 star rated dwellings, indicating a necessity for upgrading the energy efficiency of the shell as a key step in the process. All transitions from current 5 star project housing come at an additional annual equivalent costs (see Table 1 ), but could be expected to be significantly offset once a carbon tax is introduced.
What has been designated as the base case house --new 5 star detached (see Figure 9 ), which is representative of new grid connected project homes being marketed at present --generates approximately 9.5 tonnes of CO 2 -e annually in order to supply the comfort and amenity expected by Australian households. A transition pathway to zero carbon housing has been demonstrated which is also capable of exporting the excess 'green' electricity the hybrid building generates using distributed generation renewable technologies to the grid (thereby removing a further 1.3 tonnes of CO 2 -e annually). The zero carbon house is capable of delivering a net saving of CO 2 -e per dwelling of approximately 11 tonnes annually.
As far as CO 2 -e emissions and the AEC costs are concerned, comparison of scenarios 1 and 2 (i.e. worst case versus current project home) reveals a reduction in CO 2 -e of 38 tonnes per year and a cost saving of approximately $8000. To transition from the 5 star project home which generates 9.5 tonnes of CO 2 -e per year to a zero carbon house incurs an AEC cost increase of approximately $600, excluding subsidies, rebates, carbon price impost and feed-in payments.
Conclusions
Hybrid buildings are currently located at the foot of the innovation-diffusion S-curve. In this article the concept has been articulated and subjected to a 'virtual' performance assessment. It has been demonstrated that hybrid buildings will enable a transition to zero carbon housing -a necessary response by the housing sector to GHG mitigation in the 21st century. There are challenges, however.
Over 95% of Australia's housing stock would reflect an (operating) energy rating of 2.5 stars or less. Modelling undertaken in this study suggests that such housing, together with a worst case set of appliances and use, can be responsible for generating levels of CO2-e exceeding 45 tonnes per detached dwelling per year. This combination of stock plus appliances constitutes the greatest challenge for transition to a carbon neutral or zero carbon housing sector.
A transition of the housing stock built before the 2003 introduction of a national 5 star energy rating system to carbon neutral or zero carbon status will require all of the following interventions:
• An upgrade of the building shell to at least a 5 star (and preferably 7 star) rating;
• Utilisation of 'best of breed' appliances;
• Application of local energy generation (low emission or zero emission) provided on site or accessed from a local precinct supplier, given the negligible extent to which the national grid is drawing on renewable energy sources.
New (single storey detached 5 star) project homes are typically responsible for 9.5 tonnes of CO 2 -e emissions per year. New double storey detached and high-rise apartments have larger carbon footprints (of the order of 10.9 and 9.9 tonnes respectively per year). Medium density housing represents the best outcome from a greenhouse gas perspective (7.4 tonnes per year) and should become the principal vehicle for the intensification of urban development in Australian cities.
Pathways for achieving zero carbon housing for contemporary 5 star project built homes have been identified. In addition to the 5 star energy efficient shell, they require:
• Solar hot water systems;
• 'Best of breed' appliances;
• Local energy generation tailored to household demand.
Transformations of the type envisioned in this paper are unlikely to progress, however, without engagement by the key stakeholders involved in the housing energy transitions arena. They include:
• the distributed energy generation and renewable energy industries. They offer a range of available technologies, but information shortfalls exist in relation to cost and performance over a scale of applications ranging from building to precinct. As an emerging green industry for the 21st century, distributed generation currently lacks scale economies that can deliver downward pressure on prices and there currently is uncertainty over the attractiveness to households and investors of a community-scale energy industry.
• energy regulators. Key here is their attitude towards building and precinct level local energy generation; agreements on gross versus net feed-in tariffs; and the availability of infrastructure that would enable the emergence of an intelligent green grid.
• the design professions. Architects need to be aware of the requirements of distributed generation technologies (effectively a new building element) at an earlier stage of the design process than with conventional energy supply. Urban planners also need to be aware of the added space (area) requirements of renewable energy generation compared to the grid (Newton and Mo, 2006 ).
• property developers. Principal uncertainties involve their understanding of the benefits and costs of installing specific local energy generation facilities.
• energy distributors. This stakeholder group requires knowledge of local energy generation options that can assist their decision-making in what role distributors might play in community-scale initiatives.
• energy generators. This centralised, fossil-fuel-based industry is rapidly making assessments of and potential responses to the impacts that carbon pricing will make; as well as examining the most eco-efficient options for meeting peak demand for energy.
• the housing industry and its associations. This group has been historically resistant to any innovation that has some up-front capital cost impost on housing. Issues of life-time costing and split incentives represent two key policy areas where the industry sector needs to identify pathways to encourage investment in housing innovation.
• housing consumers. All consumers need to become more informed about the costs and benefits of energy efficiency and local energy generation as it applies to existing as well as new housing.
• government. From an energy perspective, governments need to identify the most cost-effective ways to provide incentives and/or regulate to reduce levels of CO2-e emissions across the built environment. This will involve a re-examination of building codes and planning regulations to the extent that they currently inhibit local energy generation.
To exclude the housing sector from any carbon pollution reduction initiative would represent a mistake of monumental proportions. 
•Urban Sustainability
•HORIZON 3.
•Implementable 15 -20 years out. Based on planning concepts and technologies which are radically different to those currently operating; major barriers will need to be overcome.
•HORIZON 2.
•Implementable over next 3 -10 years. Requires some challenging extensions or combinations of technology; modified policy, governance, regulatory environment etc
•HORIZON 1.
•Implementable now. Capturing maximum potential from existing technologies, structures processes… 
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